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NUMERICAL SIMULATION OF THE SHIP BOTTOM INTERACTION  
OF DTC CONTAINER CARRIER FOR DIFFERENT KEEL CLEARANCE 
IN PURE SWAY MOTION 
R He, Z Z Zhang, X Z Wang and D K Feng, School of Naval Architecture and Ocean Engineering, Huazhong 
University of Science and Technology, P. R. of China 
SUMMARY 
In this paper, numerical simulations were performed to study the hydrodynamic behavior of DTC container carrier under 
the same conditions with the experimental set up and operation conditions. In order to predict ship motion with larger 
amplitude, overset grid generation technology was used during the simulation. For ship-bottom interaction, the mean 
running sinkage and trim are major concerns during the Planar Motion Mechanism (PMM) test as well as forces and 
moment measurement. Therefore, the 3DOF module is applied in the numerical simulation. The heave and pitch motions 
are predicted by solving the equations of motions on each time step based on the hydrodynamic forces obtained from the 
solver. A good correspondence between the measured and simulated result is noted, indicating that forces and moments 
on the ship are well predicted. In the second stage, a set of systematic computations is carried out to study the ship-
bottom interaction with different depth. The forces and moments on the hull with varying water depth are predicted and 
explained.
NOMENCLATURE 
B Beam (m) 
Cfx  Coefficient of non-dimensional surge 
force 
Cfy  Coefficient of non-dimensional sway 
force 
Cmz  Coefficient of non-dimensional yaw 
moment 
D Depth (m) 
Fr Froude number based on Lpp (-) 
Frcrit Critical value of Froude number (based  
on water depth) accounting for  
blockage(-) 
h Water Depth (m) 
Lpp Length between perpendiculars (m) 
Lm Length of the ship model (m) 
O0x0y0z0 Earth-bound reference system 
Oxyz Ship-bound reference system 
O’x’y’z’ Horizontal bound towing carriage 
System 
p Roll velocity (rad/s) 
q Pitch velocity (rad/s) 
r Yaw velocity (rad/s) 
t Time (s) 
T Time period (s) 
Tm Mean draft (T) 
u Longitudinal velocity component (m/s) 
v Lateral velocity component (m/s) 
vmax Maximum lateral velocity component(m/s) 
w Vertical velocity component (m/s) 
ymax Maximum lateral position (m/s) β Drift angle (deg) φ Roll angle (deg) θ Pitch angle (deg) ψ Course angle (deg) 
AP Aft Perpendicular 
CG Centre of Gravity 
DTC Duisburg Test Case 
FP Fore Perpendicular 
UKC Under Keel Clearance 
▽ Displacement (m³)
1 INTRODUCTION 
Nowadays, Computational Fluid Dynamics (CFD) is 
being used as an efficient design tool to predict the 
maneuvering characters of a ship. Increasing ship sizes in 
all dimensions and optimizations in the design and 
maintenance of waterways, request clearer understanding 
of the interaction between a ship hull and the bottom of 
the waterways helps to improve the maneuvering 
performance and increase the security of operation. 
Therefore, ship-bottom interaction is significantly 
important for the navigation. Particularly in restricted 
water the interaction can be stronger, and the problem 
may also be crucial for the waterways and harbor design. 
Due to these facts, ship-bottom interaction has been the 
focus in many ways for a long time. In general, most of 
the investigations still rely on empirical formula, 
experimental tools as well as numerical simulations, 
among which the first two types are more widely used. In 
this article, the planar motion mechanism (PMM) 
simulation is employed using an in-house RANS solver. 
Table 1. Effect of depth restrictions[1] 
Definitions Ratio Depth restrictions 
Deep water h/Tm>3.0 No effect 
Medium deep water  1.5<h/Tm<3.0 Noticeable 
Shallow water 1.2<h/Tm<1.5 Very significant 
Very shallow water h/Tm<1.2 Dominates the behavior 
In shallow water, the clearance under the vessel becomes 
smaller, resulting in an increase of the current loads due 
to the blockage effect. The ratio of water depth to draft is 
used to evaluate the depth restrictions. Table 1 shows the 
details of effect of depth restrictions. 
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